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(54) Isolation improvement circuit for a dual-polarization antenna 



(57) An isolation improvement circuit for a dual-po- 
larization antenna, the dual-polarization antenna con- 
sisting of both a transmitter and receiver antenna for si- 
multaneously transmitting a transmission signal and re- 
ceiving a receiver signal, in which the transmitter and 
receiver antennas are configured so as to be mutually 
orthogonal either by physical or electrical orientation in 
order to reduce how much of the transmitter signal is 
picked up by the receiver antenna. The isolation im- 
provement circuit reduces the level of transmitter signal 



appearing at the output port of the receiver antenna by 
providing a time-delayed transmission signal that de- 
structively interferes with the transmitter signal picked 
up by the receiver element. The time delay is provided 
by sizing a conductor used to convey the transmission 
signal to the output port of the receiver antenna, or to 
the receiver antenna and then to the output port, the siz- 
ing including not only selecting a length of the conductor, 
but also, optionally and depending on the type of con- 
ductor, adjusting any capacitive or inductive elements 
of the conductor. 
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Description 

Technical Field 

[0001] The present invention pertains to transmitting 
and receiving antennas, and in particular, to isolating 
from each other antennas in an antenna system. 

Background of the Invention 

[0002] One problem faced in designing an antenna 
system for simultaneously transmitting one signal while 
receiving another, is how to isolate the receiving sub- 
component so that it does not pick up the signal trans- 
mitted by the transmitting sub-component. Much isola- 
tion can be provided by transmitting and receiving at dif- 
ferent polarizations. But even in such dual-polarized an- 
tenna systems, further isolation is often needed. 
[0003] Referring to Fig. 1 , an ordinary dual-polarized 
antenna system is shown, consisting of at least two mu- 
tually orthogonal elements 12, a transmitter antenna el- 
ement 16 for transmitting a transmitter signal, and a re- 
ceiver antenna element 17 for receiving, simultaneous- 
ly, a receiver signal. The antenna system shown in- 
cludes two arrays 1 0 and 1 1 , each consisting of four par- 
allel antenna elements, each array referred to as an an- 
tenna. The transmitter signal is provided through port 
#1 to the transmitter antenna elements 10, and the re- 
ceiver signal is provided at port #2 after being picked up 
by the receiver antenna elements 11. Without isolation, 
even though the two antenna elements 16 and 17 are 
orthogonal (and all of the parallel antenna elements of 
array 1 0 are orthogonal to the parallel antenna elements 
of array 11), and even though the transmitter and receiv- 
er signals are at different frequencies, the receiver an- 
tenna array 11 picks up some of the signal from the 
transmitter antenna array 10. 

[0004] To counter this interfering effect, or in other 
words, to isolate the receiver antenna elements from the 
transmitter antenna elements, the prior art often uses 
parasitic elements or walls of conducting material to pro- 
vide isolation. This requires trial and error and is thus 
time-consuming and expensive. Further, the parasitic 
walls degrade antenna performance. Also, a particular 
configuration of parasitic elements or walls works for on- 
ly one frequency band; a different arrangement must be 
used, in general, for any other frequency band, and will 
work for only one particular array geometry. 
[0005] In U.S. Pat. No. 5,373,297 to Briguglio for a 
"Microwave Repeater with Broadband Active and/or 
Passive Isolation Control," there is disclosed a means 
of providing isolation in a microwave repeater by using 
a second receiving antenna, where the transmitting el- 
ement transmits the signal received by the first receiver 
element, thereby continuing its propagation. The sec- 
ond receiving antenna is focused on the transmitting an- 
tenna to receive a portion of the signal radiated by the 
transmitting antenna; it is aligned so as to provide at its 



output the transmitted signal (only) with the same gain 
and phase appearing at the output of the first receiving 
antenna. The isolation means comprises an amplifier 
section coupled to the transmitting antenna and to the 

5 first receiving antenna, for amplifying and modulating 
the signal received by the first receiving antenna and 
then providing it to the transmitting antenna; a phase- 
shifter coupled to the second receiving antenna; and a 
power combiner having inputs coupled to the first receiv- 

10 jng antenna and to the phase shifter, and having an out- 
put coupled to the amplifier section. The power combin- 
er combines the signal picked up by the first receiving 
antenna with the signal received by the second receiv- 
ing antenna and then phase-shifted by the phase shifter. 

is This phase-shifted signal is a 1 80 degree phase-shifted 
copy of the same signal from the phase shifter. (Thus, 
in this, the undesired signal from the transmitting ele- 
ment appears at the output port of the first receiving el- 
ement, and cancellation occurs later, in the combiner.) 

20 [0006] There is also disclosed, in U.S. Pat. No. 
4,480,255 to Davidson for a "Method For Achieving High 
Isolation Between Antenna Arrays," providing isolation 
by canceling unwanted signals so that a first antenna 
array, driven by a radio frequency generator, and a sec- 

25 ond antenna array, coupled, for example, to a radio fre- 
quency communication device, which could be a trans- 
ceiver for simultaneously receiving and transmitting, 
can be located close to each other. In providing the iso- 
lation, the individual elements of each of the two anten- 

30 na array are identified as belonging to either a first or a 
second part. The two parts of each transmitting array 
are driven in phase quadrature (relative to each other) 
and at equal power, and the two antenna arrays are 
spaced sufficiently close to each other so that radiation 

35 emitted by one array and received by the other array 
undergoes a canceling effect before reaching the radio 
frequency generator associated with the other array. 
[0007] Both of these approaches to providing isolation 
are based on using destructive canceling techniques. 

40 However, U.S. Pat. No. 5,373,297 to Briguglio requires 
combining two received signals, one phase-shifted, af- 
ter carefully aligning the second receiving antenna for 
providing the signal to be phase-shifted so as to provide 
for phase-shifting a signal with the correct gain and 

45 phase. And the approach used in U.S. Pat. No. 
4,480,255 to Davidson constrains how the antenna ar- 
rays are spaced. What is needed is a way of providing 
isolation that is more consistent and requires less trial 
and error than using a secondary antenna aligned to 

50 provide the correct phase and gain for canceling, does 
not constrain how the antenna arrays are spaced. 

Summary of the Invention 

55 [0008] Accordingly, it is an object of the present inven- 
tion to provide an isolation circuit to improve the isolation 
between the two ports of a dual-polarized antenna sys- 
tem, and to provide such isolation consistently, with little 
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trial and error, and in a way that does not constrain how 
the transmitting antenna and receiving antenna are 
spaced. 

[0009] The present invention achieves the above ob- 
ject in an isolation circuit, for use in a dual polarized an- 
tenna system having a first port responsive to a trans- 
mission signal and attached to a transmitter antenna, 
for providing a transmitter signal, and also having a sec- 
ond port attached to a receiver antenna, the isolation 
circuit comprising: a coupling means for deriving a can- 
celing signal from the transmission signal by coupling to 
the transmission signal at the first port, and for providing 
the canceling signal at the second port, the coupling 
means providing the canceling signal with an amplitude 
substantially equal to that of the transmitter signal arriv- 
ing at the second port via the receiver antenna; and a 
conductor of a canceling length, for conducting the can- 
celing signal from the first port to the second port, and 
for phase-shifting the canceling signal; wherein the can- 
celing length is adjusted so that the canceling signal as 
provided at the second port is substantially 180* out of 
phase compared to the transmitter signal arriving at the 
second port via the receiver antenna. 
[0010] In one aspect of the invention, the coupling 
means includes a first discrete coupler for coupling a 
portion of the transmission signal at the first port into the 
conductor of a canceling length, and a second discrete 
coupler for coupling the phase-shifted canceling signal 
out of the conductor of a canceling length into the re- 
ceiver feedline at the second port, and further wherein 
each coupler includes a coupling length of the conductor 
of a canceling length and a coupling length of either the 
transmitter or receiver feedline, and holds the coupling 
length of the conductor in a fixed spatial relation to the 
coupling length of the feedline. 
[001 1] In another aspect of the invention, the coupling 
means includes a first, discrete coupler for coupling the 
transmission signal at the first port into the conductor of 
a canceling length, and a probe antenna for providing 
the phase-shifted canceling signal to the second port via 
the receiver antenna, wherein the first coupler includes 
a coupling length of the conductor of a canceling length 
and a coupling length of the transmitter feedline, and 
holds the coupling length of the conductor in a fixed spa- 
tial relation to the coupling length of feedline. 
[0012] In one aspect of the invention, the coupling 
means includes a first coupler for coupling a portion of 
the transmission signal at the first port into the conductor 
of a canceling length, and a second coupler for coupling 
the phase-shifted canceling signal out of the conductor 
of a canceling length into the receiver feedline at the 
second port. 

[0013] In another aspect of the invention, the coupling 
means includes a first coupler for coupling the transmis- 
sion signal at the first port into the conductor of a can- 
celing length, and a probe antenna for providing the 
phase-shifted canceling signal to the second port via the 
receiver antenna. 



[0014] Compared to an isolation circuit according to 
U.S. Pat. No. 5,373,297 to Briguglio, the present inven- 
tion, in the preferred embodiment (shown in the main 
figure below) would likely perform more consistently and 
s would be implemented with less trial and error because 
it uses direct coupling, compared to using a secondary 
antenna aligned to provide the correct gain and phase. 
[0015] Compared to the approach used in U.S. Pat. 
No. 4,480,255 to Davidson, the present invention is sim- 
pler (no driving the transmitting elements, identified as 
consisting of two groups of elements, in phase quadra- 
ture), and the present invention can be used without 
constraining how the transmitter and receiver antennas 
are spaced. 

Brief Description of the Drawings 

[001 6] The above and other features and advantages 
of the invention will become apparent from a consider- 
ation of the subsequent detailed description presented 
in connection with accompanying drawings, in which: 

Fig. 1 is an ordinary antenna circuit, without the iso- 
lation improvement circuit of the present invention; 

Fig. 2 is an antenna circuit using a two-discrete-cou- 
pler isolation improvement circuit according to the 
present invention; and 

Fig. 3 is an antenna circuit using a single-discrete- 
coupler isolation improvement circuit, using a non- 
discrete, second coupler, according to the present 
invention. 

Detailed Description 

[0017] Referring now to Fig. 2, an isolation improve- 
ment circuit for a dual-polarized antenna, consisting of 
parallel transmitter antenna elements 10 oriented or- 
thogonally, in either a physical or electrical sense, to par- 
allel receiver antenna elements 11, is shown in the pre- 
ferred embodiment, as consisting of a coupler #1, re- 
sponsive to a transmission signal provided to port #1, 
for providing to a coupler #2, through a conductor 24 of 
canceling length, a time-delayed transmission signal 
S 21 D . The canceling length of the conductor 24 is fixed 
so that the time-delayed transmission signal S 21 D 
reaches port #2 out of phase compared to the portion 
S 21 of the transmitter signal arriving at port #2 through 
the receiver antenna by an amount equal to approxi- 
mately one half of a wavelength of the carrier wave, i.e. 
so that S 21 and S 21 D differ in phase by approximately 
180 degrees. 

[001 8] The depictions in Fig. 2, and also Fig. 1 and 3, 
of the antenna elements 16 and 17 are intended only to 
illustrate that in the dual-polarized antenna the transmit- 
ter and receiver antenna elements are mutually orthog- 
onal. Although the depictions suggest that the transmit- 
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ter and receiver elements are physically orthogonal, the 
required orthogonality can also be provided electrically, 
using phased arrays, one for transmitting and one for 
receiving. 

[0019] The two couplers #1 and #2 are selected to 
provide, in combination, the time-delayed transmission 
signal S 21 D at approximately the same amplitude as 
that of S 21 . Thus, port #2 receives a portion S 21 of both 
the undesired transmitter signal as well as a canceling 
signal, the time-delayed transmission signal S 21 D , ap- 
proximately equal in magnitude to S 21 but 180 degrees 
out of phase. The canceling signal S 21 D therefore sub- 
stantially cancels the undesired signal S^. 
[0020] In implementing the isolation circuit of the 
present invention in the preferred embodiment, both the 
phase and amplitude of S 21 are measured before sizing 
the isolation circuit, i.e. before determining the cance- 
ling length of conductor 24, and before determining the 
coupling of couplers #1 and #2, in combination, needed 
to provide the proper canceling amplitude. Coupling is 
provided by placing a portion of the conductor 24 parallel 
to the feedline leading from port#1 or to port #2. Dashed 
rectangle 26 encloses the part of the conductor and part 
of the feedline where coupling occurs; the dashed rec- 
tangle is encloses what is called here the coupling 
length of the conductor at port #1 and the coupling 
length of the feedline at port #1 . 
[0021] The coupling length of the conductor at port #1 
is arranged to be parallel to the coupling length of the 
feedline at port #1 and is held in fixed spatial relation to 
the feedline at port #1 by various means, depending on 
the particular application. In the case of, for example, 
adapting the present invention to a personal communi- 
cations (PC) antenna system (in a frequency range of 
typically 1.85-1.99 GHz), where the feedline is often a 
microstrip feedline etched onto a printed circuit board, 
the coupling length of the conductor at port #1 is ar- 
ranged parallel to the feedline at a standoff designed to 
provide the required gain, typically several or tens of 
thousandths of an inch. Typically, the coupling length of 
the conductor in this case would itself also be etched 
into the printed circuit board, thereby being held in fixed 
spatial relation to the coupling length of the feedline at 
portrL 

[0022] In some applications, it is preferable to use in- 
line couplers. Referring again to Fig. 2, such a coupler 
would include both the coupling length of the conductor 
at port #1 (the part within the dashed rectangle 18) as 
well as the coupling length of the feedline at port #1 (the 
part of the feedline within the same dashed rectangle 
18). The dashed rectangle of Fig. 2 would, in the case 
of an in-line coupler, represent housing that encloses 
the conductor and feedline coupling lengths, and would 
structurally support the two coupling lengths in a fixed 
spatial relation. Both ends 21 and 22 of the feedline cou- 
pling length would then be soldered to the feedline, and 
the downstream end 25 of the conductor coupling length 
would be soldered to the rest of the conductor 24. 



[0023] Preferably, the coupler, whether in-line or not, 
is a more narrowband coupler, i.e. particularly respon- 
sive only to the frequency of the carrier wave of the 
transmitter signal. 

5 [0024] In the case of in-line couplers, whether the an- 
tenna system is for radiofrequency or microwave com- 
munication, the coupler units are, from the standpoint of 
the user, essentially the same. The in-line couplers are 
typically enclosed modules, usually rectangular in cross 

10 section, and as noted above support the coupling length 
of the feedline and coupling length of the conductor, 
within a housing, in a fixed spatial relation. If the antenna 
system is for microwave communication, inside the cou- 
pler there will be any one of various known coupling 

15 structures for coupling microwaves from one waveguide 
to another, the conductor of a canceling length being in 
this case a waveguide of one known sort or another 
(such as, for example, a transverse electric rectangular 
waveguide). If the antenna system is for radiofrequency 

20 communication, inside the coupling there will be any one 
of various known coupling structures for coupling radi- 
ofrequency signals from one conductor to another, the 
conductor of a canceling length being in this case one 
suitable for radiofrequency communication, such as co- 

25 axial cable. The coupling length of the conductor within 
the coupler itself, i.e. within the region where coupling 
occurs, as indicated for coupler #1 by the dashed rec- 
tangle 26, is not necessarily the same form of conductor 
as the conductor of a canceling length outside of the 

30 coupler, and similarly for the coupling length of the 
feedline and feedline outside of the coupler. For exam- 
ple, inside the coupler, the coupling length of conductor 
24 may be a conducting metal etched onto a printed cir- 
cuit board, but outside the coupler the conductor 24 may 

35 be coaxial cable. 

[0025] The present invention is not intended to be re- 
stricted to using any particular kind of conductors for 
providing a time delay in the transmission signal. Any 
means of conducting the transmission signal so as to 

40 provide an adjustable time delay is intended to be within 
the scope of the present invention. For example, the 
conductor 24 can be coaxial cable, parallel wire, wire 
over ground, strip, or shielded strip transmission line, or 
any of various configurations of wave guides. Moreover, 

45 as would be apparent to one of ordinary skill in the art, 
the conductor 24 can include various capacitive or in- 
ductive elements that contribute to creating a time delay 
in the transmission signal provided to port #2. In some 
embodiments, in sizing the conductor 24 it is advanta- 

50 geous to adjust such capacitive and inductive elements, 
as well as the length of the conductor. In other embod- 
iments, sizing the conductor 24 is accomplished purely 
by adjusting such capacitive and inductive elements. 
[0026] It is not necessary to use two discrete couplers, 

55 as shown in Fig. 2. Other means of providing the trans- 
mission signal as a canceling signal to port #2 are also 
envisioned, besides using a second discrete coupler. 
For example, referring now to Fig. 3, instead of a two- 
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discrete-coupler embodiment, the canceling signal ex- 
tracted at port #1 by coupler #1 is provided to port #2 by 
transmitting it from a probe antenna 32 to the receiving 
antenna 11 that feed port #2, the probe antenna and re- 
ceiving antenna 11 making up a second, non-discrete 
coupler. As in the preferred embodiment, a conductor of 
some canceling length is used to provide an appropriate 
phase delay so that when the signal provided by the 
probe antenna 32 arrives at port #2, it is substantially 
180 degrees out of phase with In this embodiment, 
the gain of coupler #1 must be pre-set so that when the 
signal S 21D provided through the probe antenna 32 ar- 
rives at port #2, it is substantially equal in magnitude to 
S 21 , the portion of the transmitter signal arriving at port 
#2. 

[0027] It is to be understood that the above described 
arrangements are only illustrative of the application of 
the principles of the present invention. Numerous other 
modifications and alternative arrangements may be de- 
vised by those skilled in the art without departing from 
the spirit and scope of the present invention, and the 
appended claims are intended to cover such modifica- 
tions and arrangements. 



Claims 

1. An isolation circuit, for use in a dual polarized an- 
tenna system having a first port responsive to a 
transmission signal and attached to a transmitter 
antenna, for providing a transmitter signal, and also 
having a second port attached to a receiver anten- 
na, the isolation circuit comprising: 



ond discrete coupler for coupling the phase-shifted 
canceling signal out of the conductor of a canceling 
length into the receiver feedline at the second port, 
and further wherein each coupler includes a cou- 
s pling length of the conductor of a canceling length 
and a coupling length of either the transmitter or re- 
ceiver feedline, and holds the coupling length of the 
conductor in a fixed spatial relation to the coupling 
length of the feedline. 

10 

3. The isolation circuit of claim 2, wherein at least one 
of the couplers is an in-line coupler. 

4. The isolation circuit of claim 1 , wherein the coupling 
is means includes a first, discrete coupler for coupling 

the transmission signal at the first port into the con- 
ductor of a canceling length, and a probe antenna 
for providing the phase-shifted canceling signal to 
the second port via the receiver antenna, wherein 
20 the first coupler includes a coupling length of the 
conductor of a canceling length and a coupling 
length of the transmitter feedline, and holds the cou- 
pling length of the conductor in a fixed spatial rela- 
tion to the coupling length of feedline. 

25 

5. The isolation circuit of claim 4, wherein the first, dis- 
crete coupler is an in-line coupler. 



30 



a) a coupling means for deriving a canceling 35 
signal from the transmission signal by coupling 
to the transmission signal at the first port, and 
for providing the canceling signal at the second 
port, the coupling means providing the cance- 
ling signal with an amplitude substantially equal «o 
to that of the transmitter signal arriving at the 
second port via the receiver antenna; and 



b) a conductor of a canceling length, for con- 
ducting the canceling signal from the first port *s 
to the second port, and for phase-shifting the 
canceling signal; 



wherein the canceling length is adjusted so that the 
canceling signal as provided at the second port is so 
substantially 180° out of phase compared to the 
transmitter signal arriving at the second port via the 
receiver antenna. 



The isolation circuit of claim 1 , wherein the coupling ss 
means includes a first discrete coupler for coupling 
a portion of the transmission signal at the first port 
into the conductor of a canceling length, and a sec- 
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